Abstract With recent advances in DNA sequencing technology, medicine is entering an era in which a personalized genomic approach to diagnosis and treatment of disease is feasible. However, discovering the role of altered DNA sequences in various disease states will be a challenging task. The genomic approach offers great promise for diseases, such as pancreatic cancer, in which the effect of current diagnostic and treatment modalities is disappointing. To facilitate the characterization of the genome of pancreatic cancer, high-quality and well-annotated tissue repositories are needed. This article summarizes the basic principles that guide the creation of such a repository, including sample processing and preservation techniques, sample size and composition, and collection of clinical data elements.
Introduction
It is estimated that more than 37,000 people in the United States and more than 200,000 patients worldwide are diagnosed with pancreatic cancer each year, making it the 11th most common cancer in the United States [1] . However, in terms of fatality rates, pancreatic cancer ranks number one, with a 5-year survival rate \4%, and is the number four cancer killer overall in the United States among both men and women [2] . Only the creation of a high-quality pancreatic cancer tissue bank can provide the resources necessary for large-scale systematic study of this disease.
Recent advances in DNA sequencing technology have made it possible to contemplate a personalized genomic approach to pancreatic cancer. The existing reference genome, NCBI build 36, consisting of a haploid copy of the euchromatic DNA of the human genome (2.8 billion bases) was completed after 13 years of work and a cost of 3 billion dollars by an international consortium [3] . Using a new generation sequencing technology, an individual's diploid genome (6 billion base pairs) was sequenced in 2 months for less than 2 million dollars, a 78-fold reduction in time and a 10,000-fold reduction in cost [4] . In recent years, advanced sequencing techniques, such as 454 pyrosequencing, Solexa, and SOLiD, and technologies, such as Nimblegen microarrays, have vastly surpassed di-deoxy chain termination on capillary sequencers (Sanger technique) in productivity. These new platforms will soon be focused on the sequencing of disease states, such as cancer [5] .
Several large-scale pilot projects are already underway, such as the Tumor Sequencing Project (TSP), launched by the NHGRI, to study lung adenocarcinoma [6, 7] . They have completed the sequencing of 623 candidate genes in the tumors of 188 patients with cancer [8] . Last year the National Human Genome Research Institute (NHGRI) and the National Cancer Institute (NCI) jointly launched The Cancer Genome Atlas (TCGA) whose goal is to sequence approximately 1,200 candidate genes in 500 patients each stricken with glioblastoma multiforme (GBM), squamous cell carcinoma of the lung, and ovarian carcinoma. In addition, this study is collecting expression, copy number, SNP, and methylation data from the same samples that are being sequenced. In 2008, three GBM tumor genomes will have been completely sequenced.
Because large cohorts of high-quality tumor and matched normal samples are difficult to obtain from a single academic center, cooperative groups must collaborate to construct the tissue banks required for cutting edge genomics studies. Many tissue resources for other cancers have already been created and serve as models. Examples include the Japanese, United Kingdom, Swedish, Austrian, and other European biobanks as well as international networks, such as the International Bladder Cancer Bank (IBCB), the European Human Frozen Tumor Tissue Bank (TuBaFrost), and European Organization for Research and Treatment of Cancer (EORTC) [9] [10] [11] [12] [13] [14] . There also are examples within the United States, including the Cooperative Prostate Cancer Tissue Resource (CPCTR) and the Indiana University Cancer Center-Lilly Research Labs human tissue bank [15, 16] . Other tissues being stored in an organized fashion include mesothelioma, brain, breast, and gynecologic tumors [17] [18] [19] [20] [21] . The National Cooperative Human Tissue Network (CHTN) was founded in 1987 to stimulate and organize the collection and distribution of human tissues in the United States [22] . Today, TCGA has established the Biospecimen Core Resource (BCR), which can function as a model [23] , and issues relevant to biobanking are addressed by forums, such as the International Society for Biological and Environmental Repositories (ISBER), and web-based portals, such as BioBank Central [24] [25] [26] . We have consulted all of these resources and reviewed the literature to formulate an action plan for the construction of a tissue repository to be used to characterize the genome of pancreatic cancer.
Standardized operating procedures and a prospective approach
Any residual tissue that is not used for diagnosis is a valuable source for both basic and translational research. However, the creation of a large biorepository is a complex endeavor requiring the collaboration of surgeons, pathologists, and basic scientists at multiple centers, using clearly delineated procedures for the handling of valuable specimens, careful quality control, and accurate data tracking. Although centralization of previously collected tissue can bring centers together and foster interinstitutional collaboration, there are disadvantages to organizing such a resource on an ongoing or retrospective basis. For instance, collecting specimens that have already been processed and are stored in different institutions leads to a lack of standardization and wide heterogeneity. The first step in organizing a tissue bank for the analysis of the genome of pancreatic cancer is to organize a functional group and establish leadership.
All surgeons, nurses, pathologists, technicians, and genomic researchers involved in the handling and managing of the biospecimens should be informed of the procedure and trained so adherence to the protocol is maximized. Frequent meetings will ensure team work and adherence to the protocol. Furthermore, their risk of exposure to chemicals and potentially infected tissue should be minimized by adherence to biosafety policies [27] [28] [29] .
The process of tissue and data collection should be standardized as much as possible [30] . Specific criteria of quality and quantity should be set and met by all collaborative institutes. DNA, RNA, and protein require different preparation and fixation methods. The types of preservation solutions and priorities if specimen quantity is limited need to be established. Shipping procedures that prevent thawing and standardized labeling and tracking must be utilized. Finally, a uniform set of clinical parameters should be defined and collected into a universal database for each specimen. Many of these criteria have already been established by the TCGA and guidelines given by the National Cancer Institute (Best Practices for Biospecimen Resources) [27] [28] [29] [30] [31] .
Informed consent issues
The generation of genomic information on a large scale requires specific attention to ensure patients' rights and confidentiality [32] . The potential for personal risk in genome sequencing must be explained to participants during the informed consent process. Broad data sharing is required for most federally funded studies as outlined in the NHGRI Data sharing policies, and the risks and benefits of broad data release as well as an explanation of the possibility of the extent of data sharing must be provided in language that the patient understands. When data sharing is not required to achieve the goals of the project, it would be advisable to offer opt-out provision for public and/or restricted data broadcast [32, 33] . The ability of patients to control whether the sequencing results should be released to a restricted group of investigators or made available to the general public also must be explained.
Whether research results involving extensive genome sequencing should be given to study participants also is a cause for concern. If the research reveals results of clinical relevance, arguments have been made that the results should be reported to participants [34] [35] [36] [37] [38] [39] [40] . The language in the consent forms must be carefully worded to prevent potential legal liability. A template of appropriate consent language regarding sharing of genetic information is given below.
Risks associated with genetic analysis
There are additional risks associated with genetic analysis. Genetic analysis may reveal that you are at risk for other genetic diseases. This information could make it difficult to obtain life or medical insurance. This risk is very small. Your identity will not be known when your sample is analyzed. However, if you consent to the release of your DNA sequence information into the public domain for other scientists to use, there is a small risk that others will be able to trace this information to you. There is potential risk in this genetic analysis for uncovering and conveying unwanted information regarding parentage or specific risk of disease. No information regarding parentage will be specifically analyzed in this study. No information about risk of disease will be revealed to you, unless you specifically requested that it be. A genetic counselor will be available to help explain the results of this study for you, if you want that information.
Who will have access to my genetic information?
To speed research, other researchers would like to have access to your genetic information so that they can compare it to the genetic information of others from other research studies and use it to answer future research questions. This information is most valuable when it is linked to information about your medical history (clinical information).
Release of information into publicly accessible scientific databases
If you agree, parts of your genetic information and in some instances, some clinical information, will be released into one or more scientific databases that are publicly accessible. This will help advance medicine and medical research by allowing other researchers to use this information to help solve questions of what causes cancer of the pancreas and other diseases. There are many publicly accessible scientific databases where your genetic and clinical information may go. Neither your name nor any other personally identifying information about you will ever be released. Nobody will be able to know just from looking at a database that the information belongs to you. However, because your genetic information is unique to you, there is a small chance that someone using a publicly accessible database could trace the information to you. The risk of this happening is very small but may grow in the future. As technology advances, the information in these databases will become more valuable to scientists, but there also may be new ways of tracing the information to you, which increases the risk over time that your privacy would be breached.
Release of information into restricted scientific databases
If you agree, parts of your genetic information and, in some instances, some clinical information will be released into one or more scientific databases that are restricted and can only be accessed by approved researchers. This will help advance medicine and medical research by allowing other researchers to use this information to help solve questions of what causes cancer of the pancreas and other diseases. There are many scientific databases with restricted access: some are maintained by Baylor College of Medicine, some are maintained by the National Institutes of Health, and some are maintained by private companies. Neither your name nor any other personally identifying information about you will ever be released. With restricted databases, researchers who access your genetic and clinical information have a professional obligation to protect your privacy and maintain your confidentiality. Therefore, there is a very small risk that your privacy would be breached.
The decision of whether to allow genetic and clinical information about you that will be gathered in this research to be released into all scientific databases (both publicly accessible and restricted), restricted databases only, or no databases is completely up to you. There will be no penalty to you if you decide not to allow release of your information, and your decision will in no way affect your participation in this research.
Please initial below whether you consent to have your genetic information released into scientific databases (please initial only one option): To protect patient privacy, all tissue sample storage vials must be de-identified and permanently labeled with a sequential number, tissue type, and preservation method. The number/code is linked in a database that includes all information about the tissue and the patient from which it was obtained as well as tracking of sample quality analysis. For this purpose, the Brady labeling system or the Radio Frequency Identification (RFID) system can be used. Regardless of the system, coded labeling will follow the sample through the whole procedure until the end of sequencing and analysis of the results.
We are currently using the Brady-Soft 8 software, BP-1344 printer, and Freezer-Bondz labels, which prints customizable labels that can utilize numbers and text as well as barcodes and the Code Reader 3 to read the barcodes. For storage, we are using 2-ml sterile freestanding screwcap tubes with clear o-ring caps and 81-place polycarbonate freezer boxes with clear lids. All products can be purchased through Phenix Research Products (Candler, North Carolina).
Another issue that must be addressed in the consent process is the transport of tissues to a central biorepository for storage and research and who will have access to the tissue. Among the participating institutions of the tissue consortium, a material transfer agreement (MTA) should be signed to formalize the transfer of materials. These documents are needed to clarify intellectual property rights, specify the terms under which samples have been procured, and the conditions under which the biobank will use the samples. It should be clear to all parties that if pancreatic tumor is included in the TCGA list of tumor to be sequenced and a tissue repository participates in this effort, the sequencing results will immediately become public property, because they will be broadcast in a public database.
Study design and patient characteristics
Of the 37,000 patients diagnosed with pancreatic cancer each year, only 15% or approximately 5,500 patients are eligible for resection. Cooperative tissue consortiums, organized primarily by surgeons, could facilitate the rapid collection of appropriate specimen from this relatively small patient population. To create a pool representing the whole population, the demographics of the disease should be considered. For pancreatic cancer, men and women should be equally represented, and the prevalence of different races and ethnicities should match the pancreatic cancer patient population (Table 1, Fig. 1) .
Obtaining tissue from patients participating in a clinical trial offers the advantage of uniform patient selection, standardized therapy, and well-documented clinical correlations. However, the details of the clinical trial protocol must be carefully considered. Most clinical trials for pancreatic cancer enroll patients with locally advanced unresectable disease or metastatic disease, and FNA biopsies represent the only available tissue. However, preoperative fine-needle aspiration (FNA) biopsy specimens are frequently inadequate in size. Additionally, specimens in which no neoadjuvant chemotherapy or radiation was given before surgery are preferred because this treatment theoretically might change the biologic profile of the tumor cells. Specimens from patients who underwent pancreatic resection are generally larger than pretreatment needle biopsy specimens, and thus, are preferred because they usually provide sufficient tissue for research purposes.
Tissue processing and storage
After excision of tissue from the patient, it should be placed in chilled Tis-U-Sol Ò (Baxter Healthcare, Deerfield, IL) immediately to inhibit degradation, and transferred as rapidly as possible to the pathology department [41] . The time in Tis-U-Sol Ò until immersion into preservative or snap freezing should ideally be less than 15 minutes to minimize the alteration of cellular state due to ischemia and because of the sensitivity to degradation, especially of RNA. A realistic time from excision to preservative immersion could be as much as 15 minutes for RNA or 30 minutes if only DNA is to be studied, but any delay should always be tracked and recorded.
The first priority of the pathologist is diagnosis, and only if there is residual tissue should it be used for research purposes. The average weight of the research samples should be approximately 200 mg, with a minimum weight of 200 lg if sample size is limited and only DNA isolation is possible. An effort should be made to harvest the samples away from necrotic, hemorrhagic, or fibrotic capsular tissue because these factors risk the purity and abundance of tumor cells. When a large tumor specimen is available, serial sectioning should be performed, with the sections or slices not more than 5-7-mm thick. If the slices are wider than 1 cm, it should be cut into 5-mm horizontal strips. The ends of each strip should be trimmed off and placed into 10% neutral buffered formalin in separate cryovials to be embedded into paraffin for permanent sections. The remaining middle portion of each sample is then put into a prelabeled cryovial with RNA later, proteinase (see below), or snap frozen in liquid nitrogen (Fig. 2) . Labeling must distinguish which top and bottom histology sections correspond to which frozen sample. This is a critical quality control measure because the pathologist cannot accurately distinguish tumor from surrounding fibrosis or pancreatitis on gross examination at the time of specimen procurement. Specimens should be handled with gloves and, preferably, sterile instruments and dishes changed between tumor and matched normal tissue, to prevent contamination with foreign DNA, RNA, etc. The processing of tissue samples should not be left to the pathologists but at least should be overseen and preferably performed by a member of the research team to ensure adequate sample collection.
Preservation techniques for DNA, RNA, protein, and tissue architecture need to be considered. For example, it is believed by some that protein structure is better preserved by formalin fixation and paraffin embedding (FFPE) rather than fresh freezing in OCT [42] . On the other hand, formalin fixation is known to cause cross-linking of DNA and RNA and results in very short fragments that may not be appropriate for sequencing and mutation discovery. However, these samples could be useful for genotyping or validation of known mutations. RNA and DNA can be isolated from FFPE specimen by using commercially available kits, but fresh freezing is still considered best for RNA and DNA isolation [43] [44] [45] .
Recently developed preservation solutions, such as RNAlater (Ambion, Austin, TX), have facilitated longterm storage of tissue and eliminated the need for immediate RNA, allowing flexibility without compromising RNA quality [46] [47] [48] . Irrespective of the exact preservation solution, the time that elapses between the procurement of the specimen until fixation or immersion into preservative and freezing is the most important factor. The temperature at which the sample is kept, transported, and processed also needs to be considered and standardized. These parameters need to be standardized because both proteins and nucleotides are subject to enzyme degradation and chemical modification. This is particularly true for a pancreatic cancer tissue resource because pancreatic specimens have an abundance of pancreatic enzymes, which may be active during warm ischemia [49] [50] [51] .
The specimen for DNA study should be fresh frozen by using an isopentane bath readily available in most hospital frozen-section facilities. The specimen is then transferred to a -80°C freezer. The specimen for RNA study should be incubated overnight in RNAlater solution at 4°C so that the solution penetrates the tissue, the fluid drained, and then frozen at -80°C. The specimen for protein study should be immersed in a proteinase inhibitor solution (Roche) and then frozen in an isopentane bath and stored at -80°C. Screw cap cryovials should be used for all specimens because they are leak-proof and stable to freezing. In cases in which the tissue quantity is ample, extensive study can be achieved by using a sample piece for immunohistochemistry after freezing in OCT and tissue microarrays can be constructed from FFPE tissue.
Each tumor sample should have a matched peripheral blood sample, which will be used to isolate germline DNA. Normal matched DNA, RNA, and protein can be obtained from surrounding normal pancreatic tissue (usually at the margin of resection) that is not infiltrated with tumor. However, areas of pancreas around the tumor may contain genetic changes associated with the development of the tumor; therefore, blood samples are preferred for determining the germline DNA sequence. Blood component samples can be stored as whole blood, although frozen separated peripheral blood lymphocytes (PBLs) or frozen separated PBLs in dimethyl sulfoxide are preferred.
We recommend use of PAXgene blood collection tubes, which are commercially available and simplify storage of blood samples without the need to separate blood constituents. These tubes contain a proprietary blend of reagents that can stabilize the cellular constituents of blood for up to 14 days at room temperature, 28 days at 4°C, or indefinitely at -80°C, allowing time until the DNA is extracted. However, caution should be exercised because these blood collection tubes have expiration dates.
Patient serum and pancreatic juice also are very valuable and should be collected for future studies that will concern possible clinical correlations with soluble biomarkers. These studies may lead to much needed diagnostic tests for pancreatic cancer. Genetic changes, such as KRAS mutations, are already beginning to be studied in pancreatic juice [52] . Pancreatic juice can be obtained in the operating room at the time of resection by aspiration from the pancreatic duct at the transection margin by using a small syringe and plastic angiocath. The juice is placed in a cryovial, frozen in an isopentane bath, and stored at -80°C.
Corresponding clinical database
Complete clinical information about each patient should be recorded and remain protected but accessible and subject to validation. We have established a Health Insurance Portability and Accountability Act (HIPAA)-compliant prospective database using Velos Eresearch software (Fremont, California).
The Velos eResearch system was chosen because it is a comprehensive system for electronic capture and management of clinical and tissue bank data, which allows reporting and interfaces efficiently with other existing systems that are in operation at various pancreas centers in the United States. The Velos system is built in n-tiers with XML, Enterprise Java Beans, and Oracle datastore, and provides a full, flexible, and enterprise scalable solution to data management. There is no limit to the number of institutions or patients for which the system can be used to track, manage, and collect data. Our data are stored on offsite secure servers hosted, maintained and backed up by Velos, but there is the flexibility of being stored on facility servers, if it is required.
The system is web-based, and there are no site or location restrictions for Velos users allowing simultaneous use of the system by multiple clinicians across all participating centers. Only licensed users can gain access to the system over the web through a password protected mechanism to register patients, and enter patient and specimen related data. Data can be imported or exported to MS Excel, SAS, or other applications as desired. Access to data management and reporting is similarly controlled, and restricted to appropriately licensed investigators. Use within these boundaries can be limited and monitored by the system administrator and protocol manager. All use of the system is tracked by each user's unique identification.
For the biospecimens to have high-quality clinical annotations, the use of controlled vocabularies is mandatory. Common data elements (CDE) have already been developed by groups of scientists, including oncologists, pathologists, researchers, and experts in bioinformatics for other cancers. CDEs for breast and prostate cancer and mesothelioma have been developed by the National Cancer Institute (NCI) [30] . Although such an initiative has not been performed for pancreatic cancer, there is a need to establish a core set of data elements for annotating specimens for the pancreatic cancer that would be used in a genome project. These CDEs will facilitate accurate data collection and sharing among institutions and allow correlation with clinical data in future studies. Many of the pancreas centers across the United States collect a large volume of clinical data for each patient, but there is considerable heterogeneity and differences in data terms across existing centers. Based on our review of the literature and CDEs for other sequencing projects, we have selected a minimum data set for all specimens (Table 2) .
Tissue storage and logistics
Storage in liquid nitrogen vapor-phase freezers or mechanical freezers at less than -80°C can preserve fresh tissue for years [53] . RNA first starts losing its integrity after 5 years in the mechanical freezers [43] . If longer periods of storage are desired, even lower storage temperatures (-170°C) and cryoprotectants, such as dimethyl sulfoxide can be used. The samples should be stored in multiple freezers rather than in one location to minimize the loss of samples should mechanical failure arise. The power supply for the freezer system should be backed up with automatic emergency power. The freezers should have monitoring equipment and software that automatically telephones support personnel and the investigators if there is any problem with the system. Alternative freezers should be nearby should the need arise to move samples from a defective freezer. Liquid nitrogen freezers provide lower and more stable temperatures and do not depend on the electrical power supply network, but mechanical freezers are more economical, practical, and easier to install and maintain [43] . Paraffin blocks and slides can be preserved in vacuum-sealed bags with a commercial oxygen absorber at room temperature.
If the samples need to be shipped to another site, appropriate insulation and temperature preservation should be assured by using chipped dry ice. The process details should be well documented. It is important to align with the regulations of National and International Air Transport Association (FAA, IATA) and Occupation Safety and Health Administration (OSHA) [53] [54] [55] .
Quality assurance and quality control (QA/QC) In every step of this process, standards of quality should be validated. Before sequencing begins, data from the collection process, such as any periods of delay before freezing or thawing of the sample during storage or transport, should be reviewed. An experienced gastrointestinal pathologist should confirm the diagnosis and record the percentage of viable cancer cells. It is important to minimize the extent of necrosis and the level of contaminating stromal tissues in samples intended for genomic analysis. In the case of pancreatic cancer, the fibrotic reaction around the tumor can be a limiting factor. In such cases, technology such as laser microdissection has been used to extract tumor cells out of surrounding stromal nonmalignant cells. However, with the development of the next-gen sequencing platforms, which have increased sensitivity, it is expected that will not be necessary. A written quality management system (QMS) should be established by each repository and followed to describe the QA/QC programs. Audits should be conducted to check the equipment maintenance, e.g., temperature and alarm of the freezers, electricity backup, adequate training of the staff, correct documentation of patient data, adherence to safety standards, and ethical, legal, and patient consent practices. If there is a discrepancy between the original pathologist and the study pathologist, a consensus conference with the participation of both, if possible, and at least one other independent pathologist should be called to resolve the discrepancy. As far as the specimens are concerned, full details describing warm and cold ischemia time, freezing and fixation time, techniques and conditions used for tissue accrual, and any deviation from the standard procedure when managing the specific sample should be tracked and recorded.
Conclusions
The importance of good organization at the point of project initiation cannot be overstated. The quality of the sequencing data depends on a large volume of high-quality specimens that accurately represent the spectrum of pancreatic cancer. An organized approach to sample processing and preservation techniques, sample size and composition, and collection of clinical data elements will significantly impact the conclusions that can be made from the sequence data. The volume of sequence information that is generated in a genome sequencing project is quite large. Although the main goal of such a project is to characterize the spectrum of polymorphisms in cancers, having accurate clinical data to explore correlations between these genetic events and cancer phenotypes is invaluable. In addition, thinking ahead and simultaneously collecting large numbers of RNA and protein samples will allow studies of individual gene expression to immediately follow. These subsequent studies will undoubtedly lead to a multitude of new therapeutic targets and diagnostic tests for pancreatic cancers that will become increasingly tailored to each patient's unique tumor genome.
